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Purpose/Objective: This work presents preliminary results of 
image reconstruction methods for an Ultrasound Computed 
Tomography System (UCTS) for early detection of breast 
cancer. This system aims to avoid common downsides present 
in conventional mammography, such as radiation risk, 
moderate sensitivity in dense breast tissue (particularly 
prone to develop cancer) and incorrect lesion location after 
breast decompressing. The potential of these systems as a 
main diagnostic or screening tool is currently limited by the 
computational cost of data processing and image 
reconstruction. Therefore, we are investigating new methods 
for speeding-up image formation without significantly 
compromising the image quality. 
Materials and Methods: We have implemented two common 
iterative reconstruction algorithms, ML-EM (1) and SART (2). 
The code was developed in Matlab® and employs non-linear 
ray theory by means of the Fast Marching Method (3) for the 
forward and backward propagation.  
The method was tested with both simulated and 
experimental data. The simulated data was obtained with a 
full wave code (4) and a numerical breast phantom. For the 
experiments, we used our first prototype of UCTS (a pair of 
independent 128-element, 3.2 MHz array transducers 
mechanically moved describing a circle of 100 mm radius). An 
agar-glycerin-gelatin phantom was employed for these tests. 
In both simulations and experiment, 200 emitter-receiver 
pairs were used and the images were reconstructed in 2D 
mode with 1 mm pixel. 
We evaluated four quality parameters in the reconstructed 
images: detectability, uniformity, resolution and contrast. 
Results: Concerning detectability we were able to detect 
masses down to 1 mm radius for both ML-EM and SART 
algorithms. ML-EM reaches better detectability in shorter 
times. Uniformity is referred to the noise in the different 
lesions and in all the cases was less than 15%. The resolution 
was estimated to be ~ 2 mm based on the capability to 
discern masses separated up to 2 pixels. Finally, the contrast 
was evaluated as the ratio of the sound speed in different 
tissues respect to the water background, obtaining the 
expected unbiased results. The approximate time of 
convergence per slice is ~10 minutes for ML-EM and SART, 
although we expect to reduce it by the parallelization of the 
code.  
Conclusions: A code based on non-linear ray theory was 
developed for UCTS in transmission mode. The obtained 
images with both simulated and experimental data present 
correct quality parameters and can be obtained in a 
reasonable amount of time, which will facilitate its use in the 
future and will expand the possibilities and applications of 
this new technique. 
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Purpose/Objective: The increased use of advanced delivery 
techniques with a reduced number of treatment fractions 
places an emphasis on the need to perform patient based 
quality assurance that is both efficient and able to identify 
delivery errors at the time of delivery.  
Materials and Methods: A novel in-house designed real-time 
verification system (WatchDog) uses a stream of EPID 
acquired images during treatment and compares them 
against a reference dataset of predicted images [1]. A 
comparison is performed in near real time (0.1 sec) and 
produces a χ pass-rate for each frame based on chosen 
criteria.  
In this study WatchDog is used to monitor a right sided lung 
SBRT treatment. The lesion demonstrated  
To assess the effect of patient positioning error, an 
additional evaluation is performed with the planning CT 
offset by 4 mm in the superior direction.  
Results are reported in two ways: 1) a χ value based on 
integrating the frames over the whole treatment (integrated 
χ) and 2) a χ value based on summing frames up to each point 
in the delivery (cumulative χ) 
Results: With a 4%/4mm criteria, the integrated χ pass-rates 
for each of the eight measured treatment arcs range from 
96.9 – 99.9%. The corresponding mean cumulative χ pass-
rates range from 91.5 – 99.0%. With a 2%/2 mm criteria the 
corresponding pass-rates range from 93.7 – 99.0% and 87.3—
94.9% respectively. The figure shows the cumulative (from 
right to left) χ vs gantry angle for an actual treatment 
delivery (red) and with the introduced 4 mm shift (blue).  
With the 4 mm offset introduced, the 4%/4 mm integrated 
and mean cumulative χ pass-rates remain similar at 97.8—
99.6% and 92.9—97.9% respectively. The 2%/2 mm integrated 
values fall to 90.1—95.1%, but a much greater drop is 
observed when analysing mean cumulative χ pass-rates with 
these parameters, which lie between 80.1—89.2%.  
 
Conclusions: We have demonstrated the feasibility of using 
WatchDog to monitor lung SBRT treatments in real-time for 
